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ABSTRACT 



Context. The evolution of chemical elements in a galaxy is linked to its star formation history. Variations in star formation history are 
imprinted in the relative abundances of chemical elements produced in different supernova events and asymptotic giant branch stars. 
Aims. We determine detailed elemental abundances of s- and r-process elements in stars belonging to Group 3 of the Geneva- 
Copenhagen survey and compare their chemical composition with Galactic disc stars. The aim is to look for possible chemical 
signatures that might give information about the formation history of this kinematic group of stars, which is suggested to correspond 
to remnants of disrupted satellites. 

Methods. High-resolution spectra were obtained with the FIES spectrograph at the Nordic Optical Telescope, La Palma, and were 
analysed with a differential model atmosphere method. Comparison stars were observed and analysed with the same method. 
Results. Abundances of chemical elements produced mainly by the s-process are similar to those in the Galactic thin-disc dwarfs of 
the same metallicity, while abundances of chemical elements produced predominantly by the r-process are overabundant. The similar 
elemental abundances are observed in Galactic thick-disc stars. 

Conclusions. The chemical composition together with the kinematic properties and ages of stars in Group 3 of the Geneva- 
Copenhagen survey support a gas-rich satellite merger scenario as the most likely explanation for the origin. The similar chemical 
composition of stars in Group 3 and the thick-disc stars might suggest that their formation histories are linked. 
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1. Introduction 

Our understanding of the global star formation history of the 
MiUcy Way galaxy remains incomplete. We need to determine 
the detailed age and spatial distributions, space motions, and 
elemental abundances both globally and for every substruc- 
ture. It is important to understand effects of accreted satellites, 
how they depend on the time of accretion, their initial orbits, 
masses and density profiles, since these factors impose different 
scenarios of the tidal disruption of satellites and the distribu- 
tion of debris to differen t Galactic components (cf. Wvse 2009; 
Ivan der Kruit & Freemanll201 U and references therein). 

A number of stellar streams, moving and kinematic groups 
were i dentified in our Galax y (.Zuckerman & Song 2004; Helmi 
l2008t iKlement et all 120091: ISesar et alJ 12012, and references 
therein). Some of them are suspected to originate from accreted 
satellites. Signatures of past accretions in the Milky Way may 
be identified from coiTelations between stellar orbital parame- 
ters, such as apocentre (A), pericen tre (P), and z -angularmomen- 
tum (Lj), the so-called APL space. iHekni et alJ (12006 ) identified 
three n ew coherent groups of stars in the Geneva-Copenhagen 
survey (iNordstrom et al.ir2004l) and suggested that those might 
correspond to remains of disrupted satellites. In the kinematic 
U-V plane, the investigated stars are distiibuted in a banana- 
shape, whereas the disc stars define a centrally concentrated 
clump. At the same time, in the U-W plane the investigated 



stars populate mostly the outskirts of the distributions. Both 
the U and W distributions are very symmetric. The investigated 
stars have a lower mean galactic rotational velocity than the 
Milky Way disc stars in the W-V plane. These characteiistics 
are typical for stars associated with accreted satellite galaxies 
(Helmi 2008; Villalobos & Helmi 2009). Stars in the identified 
groups also cluster around regions of roughly constant eccentric- 
ity (0. 3 <e< 0.5). 

In IStonkute et alJ (2012, Paper I), we started to investigate 
the detailed chemical composition of stars belong ing to kine- 
matic groups of the Geneva-Copenhagen survey (iHelmi et al.l 
l2006h . Group 3, which we decided to investigate first, is the most 
metal-deficient and consists of 68 stars. It differs from the other 
two groups by slightly different kinematics, particularly in the 
veitical (z) direction. 

From high-resolution spectra, we measured abundances of 
iron group and a-elements in 21 stars. All stars in Group 3 ex- 
cept one have a similar metallicity, their age is of about 12 Gyr. 
The average [Fe/Hfl value of the 20 stars is -0.69 + 0.05 dex. 
All stars are overabundant in oxygen and c-elements compared 
wit h Galactic thin-disc dwarfs and the Galactic evolution model 
(Pa gel & Tautvaisiene I fl 995). This abundance pattern has simi- 
lar characteristics as the Galactic thick disc. The similar chem- 

' We use the customary spectroscopic notation [X/Y]= 

l0g,(,(A'x/A'Y)star - logio(iVx/A'Y)G- 



E. Stonkute et al.: Stellar substructures in the solar neighbourhood. 11. 



ical composition of stars in Group 3 and the thick-disc stars 
might suggest that their formation histories are linked. The 
kinematic properties of this stellar group fit a gas-rich satellite 
merger scena rio (Brook et al. 2004, 2005; iDierickx et al.ll2010t 
IWilson et al.fcoi l;.Di Matteo et al.,,201 1.) . 

The neutron-capture elements as well as g-elements are very 



Table 1. Adopted solar elemental abundances. 



sensitive indicators of galactic evolution ('Pagel & Tautv aisiene 
1997; Tautvaisiene et al. 2007; Sneden et al. 2008; Tolstov et al 



2009; Ting et al. 2 0121 and references therein). If stars have been 
formed in different environments, they normally have different 
element-to-iron ratios for a given metallicity. In this work, we 
determine abundances of s- and r-process elements by means of 
high-resolution spectroscopy for stars in Group 3. 

The r-process, which requires a high neutron flux level (with 
many n-captures over a timescale of a fraction of a second), is 
believed to occur in supernova explosions. The s-process, which 
in contrast requires a lower neutron flux (with a typical n-capture 
taking many years), is generally thought to occur during the 
double-shell burning phase of low- (1-3 Mq) or intermediate- 
mass (4-7 Mq) thermally pulsing asymptotic giant branch 
(AGB) stars. 

We present n-capture element abundances (specifically Y, Zr, 
Ba, La, Ce, Pr, Nd, Sm, and Eu) for 21 stars of Group 3 and 
six comparison stars and compare them with the Galactic disc 
pattern. 

2. Observations and analysis 

Echelle spectra of the programme and comparison stars were ob- 
tained with the high-resolution Fibre-fed Echelle Spectrograph 
(FIES) on the Nordic Optical 2.5 m telescope. This spectrograph 
gives spectra of resolving power 7? s; 68 000 in the wavelength 
range of 3680-7270 A. The spectra were exposed to reach a 
signal-to-noise ratio higher than 1 00. Reductions of CCD images 
were made with the FIES pipeline FIEStooQ, which performs a 
complete reduction. 

The spectra were analysed using a diff^erential model atmo- 
sphere technique. The spectral synthesis was performed for the 
abundance determinations of all investigated chemical elements. 

The program BS YN, developed at the Uppsala Astronomical 
Observatory, was used to carry out the calculations of syn- 
thetic spectra. A set of one-dimensional, hydrostatic, plane- 
parallel, line-blanketed, constant-flux LTE model atmospheres 
dGustafsson et all 120081) was taken from the MARCS stellar 
model atmosphere and flux libraryjj 

Calibrations to the solar spectrum 'Kuruczj (l2005l) were 
made for all the spectral regions investigated. For this pur- 
pose we used the solar model-atmosphere from the set calcu- 
lated in Uppsala with a microturbulent velocity of 0.8 km s ', 
as derived from Fe i lines. The atomic oscillator strengths 
for s tronger lines of iron and o ther elements were taken 
from iGurtovenko & Kostvk (ll98S ). Th e Vienna Atomic Line 
Database (VALD; Piskun ov et alj 1 19951) was extensively used 
in preparing the input data for the calculations. In addition 
to thermal and microturbulent Doppler broadening of lines, 
atomic line broadening by radiation damping and van der 
Waals damping were considered in calculating the abundances. 
Radiation damping parameters of lines were taken from the 
VALD database. In most cases the hydrogen pressure damping 
of metal lines was treated using the modern quantum mechanical 
calculations by lAnstee & O'Maral d 19951) . iBarklem & O'Maral 



^ http://www.not.iac.es/instruments/fies/fiestool 
^ http://marcs.astro.uu.se 
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Fe 


7.50 


Ce 


1.58 


Y 


2.24 


Pr 


0.71 


Zr 


2.60 


Nd 


1.50 


Ba 


2.13 


Sm 


1.01 


La 


1.17 


Eu 


0.51 



Notes. The solar abundances were taken from iGrevesse & Sauvall 

(2000). 
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Fig. 1. Synthetic spectrum fit to the yttrium line at 5402 A and 
barium line at 5853 A. The observed spectrum for the pro- 
gramme star HD 204848 is shown as dots. The grey lines are 
synthetic spectra with [Y/Fe] = 0.33 + 0.10 and [Ba/Fe] = 0.25 
+ 0.10, respectively. 



(119971), and iBarklem et all (Il998h . When using the lUnsoldl 
( 1955) approximation, correction factors to the classical van der 
Waals damping approximation by widths (Fe) were taken from 
Simmons & Blackwell ( 1982). For all other species a correction 
factor of 2.5 was applie d to th e classical Ffe (AlogCe - +1-0), 
following .Mackle et al.l (Il975h . For lines stronger than W - 
100 mA in the solar spectrum the correction factors were se- 
lected individually by inspecting the solar spectrum. 

Effective temperature, gravity, [Fe/H], and microturbulent 
velocity values of the p rogramme and comparison stars have 
been taken from'P aperii where these values were derived using 
spectroscopic methods. A stellar rotation was take n into account 
using values of v sin / from lHoknberg et al] (l2007l) . 

Abundances of the investigated chemical elements were de- 
termined from up to seven Y II lines at 4883.7, 4982.1, 5087.4, 
5200.4, 5289.8, 5402.8, and 5728.9 A; from the Zri lines at 
4687.8, 4772.3, 4815.6, 5385.1, 6134.6, 6140.5, and 6143.2 A 
and Zrii lines at 5112.3 and 5350.1 A; from the Ban line at 
5853.7 A with the hyperfine structure (HFS) and isotopic com- 
position adopted from McWilliam ( 1998). The lanthanum abun- 
dance was determined from the Laii lines at 4662.5, 4748.7, 
5123.0, and 6390.5 A. To analyse the 4662.5,5123.0 and 63 90.5 
A lines, we adopte d the log<ji/ from iLawler et al.l (1200 lal) and 
HFS patterns from llvans et aP (l2006h . The HFS patterns were 
not provided for the Lan line at 4748.7 A. This line is very 
weak, so the broadening by hyperfine splitting can be neglected. 
Up to five Ceil lines at 5274.2, 5330.5, 5512.0, 5610.3, and 
6043.4 A were used to determine the abundance of cerium. The 
praseodymium abundance was determined from the Prii lines 
at 5259.7 and 5322.8 A with the information on HFS taken 
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Fig. 2. Synthetic spectrum fit to the Zri Hne at 4688 A and Zrii 
Une at 5 1 12 A. The grey lines are synthetic spectra with [Zr i/Fe] 
= 0.40 + 0.10 and [Zrii/Fe] = 0.38 + 0.10, respectively. The 
observed spectrum for the programme star HD 204848 is shown 
as dots. 
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Fig. 4. Synthetic spectrum fit to the praseodymium line at 5259 
A and neodymium line at 5276 A. The observed spectrum for 
the programme star HD 204848 is shown as dots. The grey lines 
are synthetic spectra with [Pr/Fe] = 0.20 + 0.10 and [Nd/Fe] - 
0.38 + 0.10, respectively. 
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Fig. 3. Synthetic spectrum fit to the lanthanum line at 4662 A 
and cerium line at 5274 A. The observed spectrum for the pro- 
gramme star HD 204848 is shown as dots. The grey lines are 
synthetic spectra with [La/Fe] = 0.20 + 0.10 and [Ce/Fe] = 0.10 
+ 0.10, respectively. 



from lSneden et al.l (l2009l) . We investigated Nd ii Hnes at 48 1 1 .3, 
5130.6, 5255.5, 5276.9, 5293.2, 5319.8, and 5385.9 A; Smii 
lines at 4467.3, 4577.7, and 4791.6 A. For the Sm ii line at 
4467.3 A the log g f was taken fro m Lawle r et al.l (l2006l) . and the 
HFS patterns from lRoederer et al..(,2008.) . For the remaining two 
lines a hyperfine structure was not taken into account since these 
lines are very weak and their hyperfine splitting can be neglected 
(cf. Mishenina et al. 2013). The abundance of europium was de- 
termined from the Eu ii lines at 4129.7 and 6645. 1 A. The log gf 
values for the Eu n lin es and isotope fractions were adopted from 
iLawler et al.l (l2001bl) . An information on the HFS pattern for the 
Eu II line at 4129.7 A was taken from l lvans et al.l (l2006h . and for 
the line at 6645.1 A from .Biehil(ll976l) . A partial blending of the 
Eu II line 6645 . 1 A with weak Si i and Cr i lines at 6645 .2 1 A was 
taken into account. 

The line parameters in the intervals of spectral syntheses 
were compiled from the VALD databa se. All log gf values were 
calibrated to fit to the solar spectrum by Kurucz (2005) with solar 
abundances from Grevesse & Sauva l (2000). The adopted solar 
abundances for the investigated chemical elements are presented 
in Table[I] 
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Fig. 5. Synthetic spectrum fit to the Eu ii lines at 4129 and 6645 
A. The grey lines are synthetic spectra with [Eu/Fe] - 0.33 + 
0. 10 and [Eu/Fe] - 0.37 + 0. 10 for these two lines, respectively. 
The observed spectrum for the programme star HD 170737 is 
shown as dots. 



Several fits of the synthetic line profiles to the observed spec- 
tra are shown in Figs. [1] |2] |3] ID andjS] The best-fit abundances 
were determined by eye. 

2.1. Estimation of uncertainties 

The sensitivity of oxygen, alpha, and Fe-peak element abun- 
dances t o stel l ar atm ospheric parameters were described in 
Stonkute et al.l (l2012h . The sensitivity of the abundance esti- 
mates to changes in the atmospheric parameters by the assumed 
errors A[E1/H] are illusti-ated for the star HD 224930 (Table |2}. 

The scatter of the deduced abundances from different spec- 
tral lines cr gives an estimate of the uncertainty due to the ran- 
dom errors. The mean value of cr is 0.05 dex, thus the uncer- 
tainties in the derived abundances that are the result of random 
errors amount to approximately this value. 

2.2. Comparison witli otiier studies 

Some stars from our sample were previously investigated by 
other authors. In Table |3] we present a comparison with re- 
sults by Nissen & Schuster (2010) and Reddy et al. (2006), who 
investigated several stars in common with our work. Yttrium 
and barium for six thin-disc stars were analysed previously 
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Table 2. Effects on derived abundances resulting from model 
changes for the star HD 224930. 



Ion 



+ 100 K 



Alogg 
+0.3 



Au, 
+0.3km .' 



Total 



Yii 


0.02 


0.09 


-0.09 


0.13 


Zri 


0.11 


0.02 


0.01 


0.11 


Zrii 


0.01 


0.12 


0.01 


0.12 


Ban 


0.06 


0.09 


-0.09 


0.14 


La II 


0.04 


0.11 


0.01 


0.12 


Ceil 


0.03 


0.10 


0.01 


0.10 


Prii 


0.04 


0.09 


0.01 


0.10 


Ndii 


0.04 


0.11 


0.00 


0.12 


Smn 


0.04 


0.11 


-0.01 


0.11 


Euii 


0.04 


0.11 


0.01 


0.12 



Notes. The table entries show the effects on the logarithmic abundances 
relative to hydrogen, A[E1/H]. 

Table 3. Comparison with previous studies. 

Our-Nissen Our-Reddy Our-Edvardsson 



Quantity Diff. 



Diff. 



Diff. 



[Fe/H] 


0.03 


0.04 


0.06 


0.07 


0.10 


0.04 


[Y/Fe] 


0.07 


0.06 


0.01 


0.09 


-0.06 


0.11 


[Ba/Fe] 


0.13 


0.05 


0.11 


0.10 


-0.04 


0.07 


[Ce/Fe] 






0.01 


0.10 






[Nd/Fe] 






-0.05 


0.11 






[Eu/Fe] 






0.08 


0.09 







Notes. Mean differences and standard deviations of the abundance ra- 
tios [E l/Fe] for four stars of Group 3 in common with Nissen & Schuster 
ll2010h . for seven Group 3 stars in common with Reddv et al. (200a), 
and for six thin-disc stars in common with lEdvards son et al.i(il993i) . 



in lEdvardsson et al.l ( Il993h . The comparison is presented in 
Table |3] Our [El/Fe] values agree very well with other studies. 
The comparison for other chemical elements can be found in 
Paper I. 



3. Results and discussion 

The elemental-to-iron abundance ratios derived for the pro- 
gramme and comparison stars are presented in Tabled We recall 
that BD +35 3659 is not a member of Group 3 and can be con- 
sidered as a comparison star. For conveni ence we also present 
[Fe/H] values determined for these stars in Paper I. The number 
of lines used for the abundance determination and the line-to- 
line scatter (cr) are presented as well. 

The age distribution of the Group 3 stars is seen on a 
Hertzsprung-Russell (HR) diagram (Fig.[7]i . The init ial age eval- 
uation for Group 3 was 14 Gyr (iHolm berg et al. 2007 ). In Fig. |7] 
we plot the investigated stars of Group 3 with our spectro- 
scopic effectiv e temperature s (Paper I) and absolute magnitudes 
M„ taken from Holmberg et al. (2009). We used the Yonsei-Yale 
single stellar po pulation library by Yi e t al. (2001), and its up- 
dated version bv lDemarque et all (l2004h . We plotted isochrones 
of three ages (10, 12, and 14 Gyr) and two metallicities [Fe/H] 
(-1.0 and -0.50). These two metallicities represent the mini- 
mum and maximum values of Group 3 stars. The mean metallic- 
ity of investigated Group 3 stars is equal to -0.69+0.05 dex. The 
overall features of the HR diagram seem to be well reproduced 
by the 12 Gyr isochrone. We note that ages of stars belonging 
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Fig. 6. The NOT-FIES spectra of the programme stars 
HD 201889 and BD +73 566. These two spectra are over-plotted 
to see the difference in spectral lines of elements produced in s- 
and r-processes while lines of other chemical elements are simi- 
lar. 



to the Arcturus and AF06 stellar streams also range from 10 to 
14 Gyr (iRamva et al.ll2012l) . 

One star in Group 3 is rich in elements produced in s- 
and r-processes. As is seen from Table 2] and Fig.|6] star 
BD +73 566 has much stronger lines of elements produced in 
s-and r-processes and consequently much hi gher abundances of 
such e lements. According to the definition of lBeers & Christliea 
(I2OO5I) . BD+73 566, with its [Ba/Fe] = 1.62 and [Ba/Eu] = 
0.98, falls in the category of the s-process-enhanced stars. 

[El/Fe] ratios for the programme and comparison stars 
(except BD +73 566) are plotted in Fig. [8] For the com- 
parison we used six stars of the thin-disc observed in 
our work as well as data from other studies of thin- 
disc stars (JMishenina et al .l 1201 3|: Mashonkina et al. 2003 
Reddv et alJl20 06. 2003; Brewer & Carnev 2006; Bensbv et at| 
20051; lKoch"& Edvardsson 2002; Gratton & Sneden ' 1991 
II993.) . The comparison was made also 
thin disc chemical evolution models by 



Edvardsson et al 

with the Galactic 

iPagel & Tautvaisiene I ([1997) 

In Fig. [8] we see that the abundances of yttrium and bar- 
ium, which are produced mainly in the s-process, are the same 
as in the thin-disc stars. The abundances of chemical elements 
for which the r-process contribution is higher or dominating are 
higher than in the thin disc. This is the case for europium, samar- 
ium, and praseodymium. The element-to-iron ratios for these el- 
ements in Group 3 stars are higher than in the investigated com- 
parison stars and other thin-disc stars. For zirconium, lanthanum, 
cerium, and neodymium. Group 3 and the comparison stars have 
approximately similar element- to-iron ratios. 

The similar pattern of n-capture element- to-iron ratios 
is obser ved in thick-di sc stars (e.g. Mashonkina & Gehre. 
2000; Prochask aet aH I2OOOI: iTautvaisiene et al.1 I200L 
Ben sbv et aL 2005nRed^etaD 120061: iReddv & Lamberj 



OS 

e™ 

5 



20081: iMishen ina et al. 2013). A thick-disc-like overabundance 
of (T-elements was found in these stars as well (^ Paper J) . In 
Table|5]we show the comparison of mean [El/Fe] values for stars 
of Group 3 and thick-disc stars at the same metallicity interval 
-0.8 < [Fe/H] < -0.5. In this metallicity interval lie almost 
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Table 5. Comparison with thick-disc studies. 



[El/Fe] Group3-B05 Group3 - R06 Group3-M13 



3.80 



3.75 



3.70 



Fig. 7. HR diagram of the Group 3 stars. lYi et all (1200 ll) 
isochrones representing three different ages and metallicities are 
shown. The filled circles correspond to the investigat ed stars 
with the spectroscopic effective temperatures taken from Paper ll 
Isochrones are with [a/Fe ]= 0.4 dex. 



all stars of Group 3. The comparison was made with stars from 
three thick-disc studies: ten stars lying in the mention ed metal- 
licity interval were taken from iBensbv et al.l (l2005b. 44 stars 
from i Reddv et al.l (1200 6*). and six stars from iMishenina et al.l 
( l2013h . Clearly, Group 3 stars and thick-disc stars are of 
similar chemical composition. The deviations do not exceed the 
uncertainties of chemical composition determinations. 

As we outlined in lPaper 1 the similar chemical composition 
of stars in Group 3 and thick-disc stars might suggest that their 
formation histories are linked. In this context it is important to 
note that the recent chemical composition study of two stellar 
streams in the Galaxy also have sh own thick-disc like abun- 
dances of elements. This was found in lRamva et alJ (l2012h . who 
investigated abundances of 20 elements in Arcturus and AF06 
stellar streams. The authors referred to dynamical interactions 
within the Galaxy as the most probable scenario for the origin 
of these two streams. However, it is not clear how perturbations 
can create streams with such a very high velocity drag and at the 
same time exhibit very tight abundance trends. 

Th us, as w as pointed out by iHelmi et aP (l2006h and by 
us in iPaper J, Group 3 can not be uniquely associated to 
a single traditional Galactic component. The chemical com- 
position together with the kinematic properties and ages of 
stars in the investigated Group 3 of the Geneva-Copenhagen 
survey support a gas-rich satellite merger scenario as most 



[O/Fe] 

[Mg/Fe] 

[Si/Fe] 

[Ca/Fe] 

[Ti/Fe] 

[Y/Fe] 

[Zr/Fe] 

[Ba/Fe] 

[La/Fe] 

[Ce/Fe] 

[Nd/Fe] 

[Sm/Fe] 

[Eu/Fe] 



0.00 
-0.01 
0.03 
0.06 
0.05 
0.05 

-0.10 



-0.05 



0.02 
0.03 
0.10 
0.09 
-0.08 

0.00 

-0.02 
-0.11 

-0.03 



-0.03 
0.01 

-0.03 
0.03 

-0.08 

-0.06 

-0.12 

0.04 

0.04 

-0.10 

0.06 

-0.06 



Notes. Differences of mean [El/Fe] values for stars of Group 3 and 
thick-disc stars at the sa me metallicity interv al -0.8 < [Fe/H] < 
-0.5 . B05 - 10 sta rs from lBensbv e t al.' ('200?); R06 - 44 stars from 
.Reddv et alJ l l2006h : M13 - 6 stars from .Mishenina et al.. L2013.) . 



suitable for Group 3 origin. A gas-rich satellite merger may 
be responsible fo r the formation o f the Galact ic thi c k-disc 
as well ( Samland &GerhardI 120031: JB rook et all |2004[ 



iDierickx et al.ii20l"oH Wilson et al.ll2011i:iDi Matteo et al.ll201 ih . 



200l 



4. Conclusions 

Using high-resolution spectra, we measured abundances of 
chemical elements produced by s- and r-processes in stars at- 
tributed to Group 3 of the Geneva-Copenhagen survey. This 
kinematically identified group of stars was suspected to be a 
remnant of a disrupted satellite galaxy. Our main goal was to 
investigate the homogeneity of the chemical composition of the 
stars within the group and to compare them with Galactic disc 
stars. 

Our study of 20 stars in Group 3 shows the following: 

1 . The abundances of chemical elements produced mainly by 
the s-process are similar to those in the Galactic thin-disc 
dwarfs of the same metallicity. 

2. The abundances of chemical elements produced predomi- 
nantly by the r-process are overabundant in comparison with 
Galactic thin-disc dwarfs of the same metallicity. The most 
prominent overabundances are seen for europium, samar- 
ium, and praseodymium. 

3. The chemical composition of stars in Group 3 is similar to 
the thick-disc stars, which might suggest that their formation 
histories are linked. 

4. BD -h73 566 is an s-process-enhanced star 

5. Group 3 consists of a 12-Gyr-old population. 

6. The chemical composition together with the kinematic prop- 
erties and ages of stars in the investigated Group 3 of 
the Geneva-Copenhagen survey support a gas-rich satellite 
merger scenario as the most suitable origin for Group 3. 

Other kinematic groups of the Geneva-Copenhagen survey 
will be analysed in forthcoming papers of this series. 
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Table 4. Elemental abundances of Fe and neutron capture elements for the programme and comparison stars. 

Star [Fe/H] [Y/Fe] cr n [Zri/Fe] a n [Zrii/Fe] cr n [Ba/Fe] [La/Fe] cr 



HD967 


-0.62 


0.06 


0.05 4 




0.24 


0.03 4 




0.24 


0.00 2 




-0.19 


0.08 


0.05 


2 


HD 17820 


-0.57 


-0.04 


0.04 4 




0.09 


1 




0.09 


0.03 2 




-0.10 


0.07 


0.03 


3 


HD 107582 


-0.62 


0.06 


0.03 3 




-0.05 


0.07 2 


- 


-0.05 


0.07 2 






0.07 


0.04 


2 


BD +73 566 <"' 


-0.91 


0.88 


0.10 6 




1.02 


0.05 4 




0.88 


0.00 2 




1.62 


1.21 


0.04 


3 


BD +19 2646 


-0.68 


-0.12 


0.06 3 




0.10 


0.00 2 




0.13 


0.00 2 






0.08 




1 


HD 114762 


-0.67 


-0.03 


0.09 4 








- 


-0.05 


1 




-0.10 


0.00 


0.05 


3 


HD 117858 


-0.55 


-0.13 


0.10 4 




0.12 


0.00 3 










-0.11 


-0.01 


0.08 


2 


BD +13 2698 


-0.74 


-0.08 


0.09 4 




0.18 


0.04 2 




0.18 


0.00 2 




-0.20 


0.10 


0.06 


2 


BD +77 0521 


-0.50 


-0.12 


0.00 3 
























HD 126512 


-0.55 


-0.13 


0.10 4 




0.07 


0.00 2 




0.07 


0.00 2 




-0.18 


-0.06 


0.01 


3 


HD 131597 


-0.64 


0.06 


0.07 5 




0.07 


0.05 4 




0.09 


1 




-0.10 


0.02 


0.09 


4 


BD +67 925 


-0.55 


-0.18 


0.00 2 




0.00 


1 






1 




-0.07 








HD 159482 


-0.71 


-0.11 


0.03 4 
















-0.17 


0.05 


0.00 


3 


HD 170737 


-0.68 


-0.12 


0.06 7 




-0.03 


0.04 7 


- 


-0.03 


1 






0.05 


0.01 


3 


BD +35 3659 <*> 


-1.45 


-0.12 


0.12 3 




0.20 


1 




0.20 


1 




-0.12 


0.20 




1 


HD 201889 


-0.73 


0.05 


0.05 6 




0.21 


0.08 3 




0.21 


1 


- 


-0.06 


0.04 


0.07 


4 


HD 204521 


-0.72 


0.01 


0.05 6 




0.13 


0.08 3 




0.13 


0.00 2 




-0.10 


0.09 


0.01 


3 


HD 204848 


-1.03 


0.28 


0.08 7 




0.38 


0.06 7 




0.42 


0.05 2 




0.25 


0.25 


0.05 


4 


HD 212029 


-0.98 


0.18 


0.05 4 
















0.24 


0.22 


0.00 


3 


HD 222794 


-0.61 


-0.05 


0.05 5 




0.12 


0.06 3 










-0.10 


0.04 


0.02 


3 


HD 224930 


-0.71 


0.05 


0.05 5 




0.13 


0.04 2 




0.13 


1 




-0.17 


0.07 


0.03 


3 


HD 17548 


-0.49 


-0.12 


0.06 5 




0.00 


0.00 2 




0.00 


0.00 1 




-0.10 


-0.07 


0.05 


3 


HD 150177 


-0.50 


0.02 


0.07 5 




0.10 


0.09 3 




0.06 


0.01 2 




-0.09 


0.03 


0.06 


3 


HD 159307 


-0.60 


0.05 


0.07 2 










0.06 


1 


- 


-0.08 








HD 165908 


-0.52 


-0.12 


0.06 5 




-0.05 


0.00 2 




-0.05 


1 


- 


-0.09 


0.01 


0.06 


4 


HD 174912 


-0.42 


-0.12 


0.02 4 




0.14 


0.04 3 




0.04 


1 




-0.07 


-0.05 


0.03 


3 


HD 207978 


-0.50 


-0.04 


0.06 4 




0.20 


0.00 6 




0.11 


1 




-0.10 


-0.07 


0.00 


2 


Star 


[Ce/Fe] 


cr n 


[Pr/Fe] 


cr 


n 


[Nd/Fe] 


cr 


n 


[Sm/Fe] 


cr 


n 


[Eu/Fe] 


cr 


n 


HD967 


-0.02 


0.04 2 


0.36 


0.08 


2 


0.13 


0.05 


4 


0.32 


0.03 


3 


0.39 


0.06 


2 


HD 17820 


0.11 


1 


0.37 


0.00 


2 


0.14 


0.05 


5 


0.38 


0.06 


3 


0.38 


0.07 


2 


HD 107582 


-0.04 


0.06 5 


0.34 




1 


0.10 


0.05 


5 


0.28 


0.05 


3 


0.38 


0.07 


2 


BD +73 566 


1.25 


0.00 3 


1.12 


0.04 


2 


1.33 


0.07 


7 


1.00 


0.15 


3 


0.64 


0.29 


2 


BD +19 2646 


0.07 


0.05 3 


0.40 




1 


0.11 


0.04 


5 


0.22 


0.03 


3 


0.30 




1 


HD 114762 


0.07 


0.02 3 


0.21 


0.01 


2 


0.07 


0.03 


4 


0.23 


0.05 


3 


0.17 


0.11 


2 


HD 117858 


0.15 


0.00 3 


0.32 


0.03 


2 


-0.04 


0.06 


4 


0.28 


0.06 


3 


0.28 


0.01 


2 


BD +13 2698 


-0.05 


0.00 2 


0.35 




1 


0.05 


0.06 


4 


0.33 


0.07 


3 


0.31 


0.03 


2 


BD +77 0521 






























HD 126512 


0.05 


0.00 3 


0.30 


0.00 


1 


0.03 


0.06 


5 


0.21 


0.14 


3 


0.28 


0.02 


2 


HD 131597 


-0.01 


0.06 5 


0.26 


0.02 


2 


0.13 


0.06 


7 


0.26 


0.06 


2 


0.32 


0.03 


2 


BD +67 925 






0.32 


0.04 


2 


0.08 


0.05 


6 








0.29 


0.07 


2 


HD 159482 


0.05 


0.00 2 


0.40 




1 


0.12 


0.06 


5 


0.30 


0.06 


3 


0.33 


0.11 


2 


HD 170737 


0.00 


0.08 4 


0.12 


0.03 


2 


0.14 


0.05 


7 


0.25 


0.11 


2 


0.35 


0.03 


2 


BD +35 3659 












0.25 


0.00 


3 


0.37 




1 


0.55 




1 


HD 201889 


0.06 


0.08 4 


0.33 


0.05 


2 


0.06 


0.06 


6 


0.29 


0.02 


3 


0.26 


0.09 


2 


HD 204521 


0.06 


0.09 2 


0.39 


0.00 


2 


0.10 


0.05 


5 


0.30 


0.05 


3 


0.40 


0.04 


2 


HD 204848 


0.13 


0.13 5 


0.24 


0.06 


2 


0.30 


0.07 


6 


0.28 


0.06 


3 


0.27 


0.01 


2 


HD 212029 












0.25 


0.09 


3 


0.50 


0.00 


2 


0.52 


0.10 


2 


HD 222794 


0.08 


0.05 3 


0.40 


0.02 


2 


0.09 


0.04 


5 


0.24 


0.06 


2 


0.37 


0.04 


2 


HD 224930 


0.08 


0.11 2 


0.40 




1 


0.01 


0.02 


3 


0.31 


0.06 


3 


0.30 


0.08 


2 


HD 17548 


0.08 


0.03 3 


0.21 




1 


0.01 


0.05 


4 


0.17 


0.05 


3 


0.18 


0.06 


2 


HD 150177 


0.05 


0.00 2 


0.15 




1 


0.07 


0.06 


6 


0.15 


0.02 


3 


0.20 




1 


HD 159307 


0.05 


1 








0.02 


0.00 


2 


0.26 


0.04 


2 








HD 165908 


0.02 


0.06 3 


0.21 


0.01 


2 


0.02 


0.09 


6 


0.12 


0.03 


3 


0.13 


0.07 


2 


HD 174912 


0.07 


0.03 3 


0.09 


0.07 


2 


0.02 


0.07 


5 


0.17 


0.08 


3 


0.09 


0.11 


2 


HD 207978 


0.06 


1 








0.10 


0.00 


3 


0.17 


0.03 


3 


0.16 


0.04 


2 



Notes. [Fe/H] are taken from iPaper J . *"' The star is rich in chemical elements produced by s-and r-processes. **' Probably not a member of 
Group 3. 
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-1.0 -0.8 -0.6 -0.4 -0.2 0.0 

[Fe/H] 

Fig. 8. Elemental abundance ratios of stars in Group 3 (filled circles) and comparison stars (open circles). The star BD +35 3659, 
which was re moved from G roup 3, is marked b y an asterisk . For this comparison t he data for Milky Way thin-disc dwarfs are plot- 
ted: Misheni naeTaP (I2013L dots ). iMashonkin a et all (l2007l crosses ). iReddv et al.1 (l2b06. 2003, squares) . iBrewer & Carievl (l2006l 
diamonds), Bensby et al| ( I2005L stars), Koch & EdvardssonI (l2002 l upside down triangles), Gratton & Snede n' ('1994', trianglesV 
Ijidvardsson et al. ( 19931 plus signs). Solid lines show the Galactic thin-disc chemical evolution models by IPagel & Tautvaisiendl 
(I1997h . Average uncertainties are shown in the box for zirconium. 



